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ABSTRACT
l ,
Failures of MS24678-60, cap screws used on the midstroke locking
mechanism of Hydraulic Research and Manufacturing Company Engine
Actuators led to the investigation of stock cap screws. Tests
were conducted to determine metallurgical properties, conformance
to specification and susceptibility to hydrogen embrittlement on
specimens obtained from Hydraulic Research in March, 1968. Test
results indicated fasteners met specification requirements, but
were susceptible to hydrogen embrittlement cracking. Laboratory
hydrogen embrittlement failures were similar in appearance to one
type of failure which occurred in service. This indicates that
hydrogen embrittlement was a partial cause of failure. Sensitivity
to hydrogen embrittlement is attributed to material hardness at the
maximum allowed, and inadequate or no baking after cadmium plating.
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OBJECT
The object of this study was to determine the metallurgical
characteristics of MS24678-60, cap screws used by Hydraulic
Research and Manufacturing Co.
	
2.0	 BACKGROUND
Failures of MS24678-60, cap screws used on the midstroke lacking
mechanism of Hydraulic Research and Manufacturing Co. engine
actuators, 60B84500-1 were reported March, 1968. Two distinct
failure types were noted. Numerous head sockets had been broken
out either by the splitting of the head or the stripping of the
socket. A few cap screws were found with their heads broken off,
with failures in the head to shank fillet radius. The latter
failures were more recant in origin. MS24678-60 cap screws are
2- 20UNF-3A, 1 3/4 inch, cadmium coated, alloy steel, with drilled
hexagon sockets. These parts can be made of any alloy steel
listed in Federal Standard 66. The method of heat treatment is
uncontrolled; however, the part must have a hardness of Rockwell
C36-43. This hardness range produces a strength of 160-200 ksi;
however, a discrepancy exists in the procurement standard for
these cap screws, FF-S-86, which lists a minimum breaking strength
of 23,200 lbs, corresponding to a stress of only 148 ksi. Cadmium
plating is per QQ-P-416, Type II, Class 3. This plating
specification requires a baking treatment to preclude hydrogen
embrittlement from parts possessing a hardness of Rockwell C40
or higher. Three sources of supply were used by Hydraulic Research:
Pacific Aircraft Supply, Gardena, Calif.; R. G. Wallace Co.,
Culver City, Calif.; and Lawrence Engineering and Supply Co.,
Burbank, Calif. The cap screws failing in the wrenching recess
were most likely supplied by the first two vendors, while the cap
screws which lost their heads were from Lawrence Engineering and
Supply Co. Analysis was performed on two groups of five cap screws
each, obtained from Lawrence Engineering on Hydraulic Research
purchase orders 90706 and 93398. These parts were obtained by
Lawrence Engineering as commercial cap screws and con verted to the
"MS" configuration by drilling head holes and cadmium plating. It
is suspected that the first group of failures, split heads and
stripped sockets, was due to low strength, poor heat treatment and
improper material, resulting in low quality. The second set of
failures, heads falling off, was most likely due to hydrogen em-
brittlement. This is a more dangerous condition as failure is of
a delayed nature, and therefore, unpredictable.
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3.0	 CONCLUSION
Cap screws evaluated from Lawrence Engineering and Supply
were susceptible to hydrogen embrittlement. This condition was
due to high hardness and inadequate, if any, baking after
cadmium plating.
	
4.0	 RECGt`QtENDATIONS
It is recommended that cap screws be supplied by a qualified
source serving the aerospace industry. Installation loads
should be reduced where possible.
	
5.0	 PROCEDURES AND RESULTS
	
5.1	 Testing was conducted to determine cap screw physical quality,
mechanical properties and suscertability to hydrogen embrittle-
ment. Testing consisted of tensile teats, microhardness tests.
chemical analyses, metallographic analyses, hydrogen embrittle-
ment analysis tests and magnetic particle inspection. Tensile
testing determined the strength of the bolts, while also
indicating the primary region of tensile failure. Hardness
tests and metallogr nhy determined heat treatment uniformity.
Chemical analysis d,..ermined the alloy used, and magnetic
particle inspection determined the quality of the parts.
5.2 Two groups of five cap screws each were obtained from Hydraulic
Research for parallel testing, These parts were purchased from
Lawrence Engineering and Supply Co. under purchase orders 990706
and #93398, which were designated as groups A and B respectively.
Figure 1 ?s a testing flow diagram indicating the tests performed
and the number of cap screws tested from each group. Test
disposition of specimens is given in Table I. Tensile test
results, as stated in Table II indicate that these fasteners have
a tensile strength of about 200 ksi. Failures during tensile
testing occurred through the first and second engaged thread of
each cap screw. The strengths found are at the upper limit of
the allowed range. The results of chemical analyses are given
for two specimens in Table III. These analyses conform to AISI
4037 steel, which is an acceptable material. Microhardness
surveys, the results of which are given in Table IV) snow a
relatively uniform hardness. The average hardness found of about
Rockwell C 43 is the upper limit of the allowed range. These
hardness results conform to the results of tensile testing. Micro-
scopic and macroscopic studies revealed structures and flow
patterns typical for heat treated steel bolts. Figure 2 shows
the tempered structure found throughout the two bolts examined.
The flow patterns of figure 3 reveal a uniformly forged
structure with no observable defects in load carrying aress. A
slight amount of carburization and decarburization was noted in
the heads of bolts A-5 and B-5 respectively.
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The four cap screws used for hydrogen embrittlement testing
were magnetic particle inspected prior to testing. No defects
which would effect strength were observed. However, cracks
as shown in figure 4 were seen on all the cap screws. These
socket cracks while not effecting strength, do effect wrenching
ability, and are rejectable defects. Hydrogen embrittlement
procedures and test results are outlined in Table V. One cap
screw from each lot was subjected to a sustained stress of 757
of actual yield strength and another to 907. of yield strength.
Load was maintained for a minimum of 200 hours or until failure.
Specimen B-4, which carried 90% of yield strength failed in 66.7
hours. Fracture occurred in the head to shank transition.
Fracture location and surface characteristics are similar to the
cap screws which failed in service. Specimen A-3 developed a
crack in the head to shank transition. However, complete
failure did not occur. This specimen carried a loading of 75%
of yield strength for 243.4 hours, the longest test performed.
Cracking was revealed by magnetic particle inspection. The
other two specimens, A-4 and B-3 showed no new defects under
magnetic particle inspection, after testing. Figure 5 shows the
fracture faces of each of the failures. View A shows specimen
B-4 having a similar failure pattern to that of view B of specimen
A-3. Both specimens show slow crack grow a, brittle failure,
followed by rapid fracture, ductile failure. In the case of
specimen B-4 the slow and rapid crack propogation were caused by
sustained loading, while for specimen A-3 slow crack growth
was produced by sustained loading and rapid crack growth by the
increased loading of tensile testing. Figures 6 and 7 show the
results of metallographic examinations of longitudinal sections
from both failed bolt b-p-Ads. The fracture edge is indicative of
the type of crack propogation experienced by the specimens,
jagged in slow growth regions and smooth where rapid failure
occurred. Microscopic examination of the other two specimens,
A-4 and B-3 revealed no crack indications in the head to shank
transition.
5.3	 Test results indicate that failures representative of hydrogen
embrittlement can be induced in cap screws obtained from Hydraulic
Research. The appearance of hydrogen embrittlement cracking is
caused by material charged with hydrogen being subjected to a
sustained or low rate of loading. The temperature, inherent
ductility, amount of hydrogen and the loading all determine
susceptibility and failure rate. In steels due to changes of
hydrogen mobility and ductility with temperature, the most severe
condition occurs at or near room temperature. At a hardness of
Rockwell C 43 a great deal of ductility has been lost by the steel
making it susceptible to hydrogen embrittlement from the amounts
of hydrogen which can be absorbed during cadmium plating. Since
these bolts did show a susceptibility to hydrogen embrittlement
it is indicated that inadequate or no baking was performed.
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The failures reported in service occurred in times less than
200 hours, indicating that the cap screws were preloaded to a
high stress level. Failures can be avoided by proper baking
procedures after plating and reduction of installation stresses.
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TABLE II
TENSILE TEST RESULTS
SPECIMEN	 FAILURE LOAD	 TENSILE STRENGTH
(Kips)	 (ksi)
A-1	 31.0
	
197
A
-2	 32.4	 205
B-1	 31.3	 200
B-2
	
30.8
	
196
TABLE III
CHEMICAL ANALYSES RESULTS
ELEMENT
	
SPECIMEN A-1	 SPECIMEN B
-2
CHROMIUM
	 --	 --
NICKEL	 --	 --
MOLYBDENUM 0.22 0.22
MANGANESE 0.88 0.80
CARBON 0.38 0.35
SILICON
* NOT DETERMINED
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TABLE IV
MICROHARDNESS SURVEY TEST RESULTS
SPECIMEN DIRECTION POSITION
READING	 I	 HARDINESS
NUMBER	 (DPH)
AVERAGE
(Re)
I	
A-2
.
Transverse Head 1	 423
43.1
2	 425
3	 427
Shank 1	 423
43.1
43.0
427
3	 425
i
B-1 Head 1	 425
2	 427
3	 420
Shank 1	 427
43.2
2	 425
3	 425
A-5 Longitudinal Center Head 1	 425
43.4
435
Center Shank 3	 427
4	 427
5	 425
B-5 Center Head 1	 420
2	 423
Center Shank 3	 425
420_
420
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FIGURE 1
TESTING FLOW DIAGRAM
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1A - Specimen A-5, 500X, Nital Etch
B - Specimen B-5, 500X, Nital Etch
FIGURE 2
I
I 	 Longitudinal Microstructure, Specimens A-5 and B-5
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A - SFECIMEN A-5, 1 3/4 X
B - SPECIPLLN B-5, 1 3/4 X
i
FIGURE 3
GRAIN FLOW, SPECIMENS A-5 and B-5
DEFECT
rj-ARA^'f
	 ^. 
"DEFECT
A - SPECIMEN A-4, 5 X
B - SPECIMEN B-3, 5 X
FIGURE 4
{ MAGNETIC PARTICLE INSPECTION RESULTS, SPECIMENS A-4 and B-3
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